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Abstract
Background: Most research on parenting and childhood obesity and obesity-related behaviours has focused on
mothers while fathers have been underrepresented. Yet, recent literature has suggested that fathers uniquely
influence their children’s lifestyle behaviours, and hence could also affect their weight status, but this has not yet
been scientifically proven. Therefore, the present study aimed to determine whether the association between
fathers’ weight status and their children’s weight status is mediated by fathers’ and children’s movement
behaviours (i.e. physical activity (PA) and screen time (ST)).
Methods: Cross-sectional data of 899 European fathers and their children were analyzed. Fathers/male caregivers
(mean age = 43.79 ± 5.92 years, mean BMI = 27.08 ± 3.95) completed a questionnaire assessing their own and their
children’s (mean age = 8.19 ± 0.99 years, 50.90% boys, mean BMIzscore = 0.44 ± 1.07) movement behaviours. Body
Mass Index (BMI, in kg/m2) was calculated based on self-reported (fathers) and objectively measured (children)
height and weight. For children, BMI z-scores (SD scores) were calculated to obtain an optimal measure for their
weight status. Serial mediation analyses were performed using IBM SPSS 25.0 Statistics for Windows to test whether
the association between fathers’ BMI and children’s BMI is mediated by fathers’ PA and children’s PA (model 1) and
fathers’ ST and children’s ST (model 2), respectively.
Results: The present study showed a (partial) mediation effect of fathers’ PA and children’s PA (but not father’s ST
and children’s ST) on the association between fathers’ BMI and children’s BMI (model for PA; coefficient: 0.001, 95%
CI: [0.0001, 0.002]; model for ST; coefficient: 0.001, 95% CI: [0.000, 0.002]). Furthermore, fathers’ movement
behaviours (PA and ST) were positively associated with their children’s movement behaviours (PA and ST) (model
for PA, coefficient: 0.281, SE: 0.023, p < 0.001; model for ST, coefficient: 0.345, SE: 0.025, p < 0.001).
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Conclusions: These findings indicate that the influence of fathers on their children’s weight status partially occurs
through the association between fathers’ PA and children’s PA (but not their ST). As such, intervening by focusing
on PA of fathers but preferably of both members of the father-child dyad (e.g. engaging fathers and their children
in co-PA) might be a novel and potentially effective strategy for interventions aiming to prevent childhood
overweight and obesity. Longitudinal studies or intervention studies confirming these findings are however
warranted to make meaningful recommendations for health intervention and policy.
Trial registration: The Feel4Diabetes-study is registered with the clinical trials registry http://clinicaltrials.gov, ID:
643708.
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Background
Childhood overweight and obesity are currently one of
the most serious public health concerns as they consist-
ently have been associated with a wide range of negative
biological, psychological, and social health consequences
[1]. Along with dietary intake, two important behaviours
play an important role in the development of overweight
and obesity are physical activity (PA) and sedentary be-
haviour (SB), of which screen time (ST) (e.g. TV viewing
and computer use) is the most common form [2].
Unhealthy patterns of these so-called “movement behav-
iours” [3] can be found in many European primary
school-aged children. Recent evidence has for example
shown that 4.6 to 16.8% of European primary school-
aged children (10–12 years old) does not meet the
international recommendation of at least 60 min of
moderate-to-vigorous PA per day, and 19.0 to 31.7%
(weekdays) and 57.4 to 71.2% (weekend days) of the
European primary school-aged children (6–9 years old)
exceeds the internationally recommended guideline [3–5]
of no more than 2 h recreational ST per day [6]. The
establishment of healthy patterns of PA and SB (including
ST) during childhood is however important, as they tend
to track into adolescence and adulthood [7–9]. As such,
targeting these movement behaviours at a young age has
become an important focus in health promotion and
obesity prevention research [10, 11].
This can be framed within the socio-ecological model
of health behaviour, which is a model often used in
health research offering a broad perspective on health
behaviours, integrating multiple hierarchically-nested
levels of influence. According to this theoretical model,
influences from the interpersonal level –which is the
closest to the child and contains the structures with
which the child has direct contact, such as family,
school, neighborhood, or childcare environments- are
the strongest and have the greatest impact on the child
[12, 13]. Within this interpersonal level, it has been
widely stated in the literature that parents play a key role
in establishing positive health behaviours in their
children [14, 15]. However, a large drawback of this
assumption is that most of the studies included only
mothers, while fathers have been largely underrepresented
[16–18]. More specifically, there is a paucity of research
on the (specific) impact of fathers on their children’s
health behaviours [19]. In a systematic review identifying
the inclusion of fathers as research participants in obser-
vational studies investigating parental influences on child-
hood obesity or obesity-related behaviours, it was found
that fathers represented only 17% of parents across the
667 eligible studies, 48% of which included no fathers at
all [17]. Overall, only 10% of the studies reported father-
specific data and only 1% of the studies included only
fathers. This is a major evidence gap, as overlooking the
(unique) contribution of fathers has reduced our under-
standing of factors contributing to childhood obesity and
hindered the development of effective family-based inter-
vention programs [16]. Moreover, recent research has
indicated that the influence of fathers may be important
for predicting childhood obesity [20, 21]. Several longitu-
dinal studies have for example shown that weight status of
the father is a significant and important predictor of
their children’s weight status [20, 21]. Furthermore,
some recent studies also showed a positive association
between movement behaviours of the father (i.e. PA
and SB) and those of their children, which was inde-
pendent from the mother [22–32]. However, studies
examining PA associations are still limited [33]. For
SB, the existing evidence is even more scarce and re-
search findings are inconclusive [25, 33, 34].
Most importantly, no studies investigated the interre-
lationships between fathers’ and children’s weight status
and their movement behaviours (i.e. PA and ST). This is
important to understand the potential pathways between
father and child weight status and it might provide novel
intervention modality in the fight against childhood
obesity. Therefore, this study aimed to determine
whether the association between fathers’ and children’s
weight status is mediated by respectively fathers’ and
children’s movement behaviours (i.e. PA and ST). We
hypothesize that this will indeed be the case, and if so,
lifestyle interventions could focus on the father’s
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movement behaviours in order to prevent childhood
obesity, in addition to children’s and mothers’ behav-
iours. Last, a major shortcoming in research on this
topic is that most studies on this topic are national stud-
ies (e.g. conducted in Australia, Canada, USA, UK and
Portugal), predominantly coming from high-income
countries [35]. Given the different occupational and
socio-cultural structures, environmental factors (e.g.
safety, climate), etc. in middle- to low-income countries,
evidence from these countries is needed too [36]. The
current study addresses these shortcomings by investi-
gating data from six European countries, representing
different socio-economic levels. Additionally, examining
large-scale international data also increases the
generalizability of the results and allows an examination
of associations regardless of the specific characteristics
of a country.
Methods
Study background and data collection
This study performed secondary data analysis on cross-
sectional data from the “Feel4Diabetes-study”, which
was conducted in six European countries representing
low income countries (Bulgaria and Hungary), high in-
come countries (Belgium and Finland) and countries
under austerity measures (Greece and Spain). Recruit-
ment was conducted within the provinces of Oost-
Vlaanderen and West-Vlaanderen (Belgium), Varna and
Sofia (Bulgaria), Satakunta (Finland), Attica (Greece),
Debrecen and its county (Hungary) and Zaragoza
(Spain). In Bulgaria and Hungary, all areas within the se-
lected provinces were eligible to participate in Feel4Dia-
betes. In Greece, Spain, Finland and Belgium, the
municipalities, school districts or other equivalent units
in the selected provinces were grouped in tertiles ac-
cording to socio-economic indices retrieved from official
resources and authorities areas were randomly selected
only from the tertile with the lowest education level or
the highest unemployment rate. In the case of Finland,
areas were ordered based on the mean values of the se-
lected socioeconomic index and areas were selected
from the lower mean. In all countries, after taking the
necessary approval(s) from local authorities (ethical
committees, ministries, municipalities, etc.), lists of all
primary schools within the randomly selected areas were
created and primary schools were randomly selected and
recruited within each area. Thereafter, children attend-
ing the first three grades of compulsory education and
their families were then recruited within these schools to
participate in the study. More specifically, children re-
ceived an information letter to take home for their fam-
ilies, in which parents were briefly informed about the
purpose of the study. By signing a written informed con-
sent, parents gave permission to participate in the study.
All parents/primary caregivers who agreed to partici-
pate were then asked to complete a questionnaire,
and researchers visited the schools again to object-
ively measure the weight and height of the participat-
ing children (i.e. see the measures section for more
information on how this was obtained). More details
about this research, data collection and design can be
found elsewhere (www.feel4diabetes-study.eu) [37].
Measures
Within the Feel4Diabetes-study, a questionnaire was de-
veloped to be completed (at home) by one of the parents/
primary caregivers, who completed this questionnaire
both for him/herself and their child. For the present study,
only relevant socio-demographics (i.e. fathers’ age, fathers’
education level, and children’s age and sex) and measures
on movement behaviours collected with this questionnaire
(i.e. PA and ST) were used.
Physical activity
Fathers’ and children’s PA were assessed in two questions,
i.e. “In the previous week, how many days were you/was
your child active for at least 30 min/day (parent)/ 60 min/
day (child) (a) on weekdays, and (b) on weekend days?
With ‘active’ we mean any kind of movement that makes
you sweat a little and increases your heart rate, for ex-
ample cycling, dancing, gardening, fitness, etc.”. For week-
days, possible answer options varied on a 6-point scale
ranging from “none” to “5 days”. For weekend days, pos-
sible answer options varied on a 3-point scale ranging
from “none” to “2 days”. These categorical values were
then recoded into continuous variables (i.e. none was
recoded into 0, 1 day was recoded into 1, etc.). The sum of
these two variables was used in the analyses as a measure
of the fathers’ and children’s amount of PA, reflecting the
number of days fathers/children reached the PA guideline.
Screen time
Fathers’ and children’s ST were also assessed in two
questions, i.e. “How many hours per day do you/does
your child spend on screen activities (activities at work/
school not included) on (a) weekdays, and (b) on week-
end days”. Answer options varied on a 10-point scale,
ranging from “none” to “7 or more hours/day”, with a 1
hour range in other options e.g. “2 to less than 3 hours/
day”. These categorical variables were recoded into con-
tinuous variables using the midpoint method (e.g. “2 to
less than 3 h/day” was recoded into 150 min/day, “3 to
less than 4 h/day was recoded into 210 min/day) [38],
and the average daily amount of the parents’ and chil-
dren’s ST (min/day) was then calculated using the fol-
lowing formula: ((STweekdays*5) + (STweekenddays*2))/7.
The test-retest reliability of the PA and ST measures
was ranked as ‘moderate’ to ‘excellent’ (ICC range = 0.57
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to 0.83), except for children’s PA on weekend days and
fathers’ ST on weekdays, which was ranked as ‘poor’
(ICC = 0.37 and ICC = 0.33, respectively).
Body mass index
Both mothers’ and fathers’ Body Mass Index (BMI, in
kg/m2) was calculated based on their self-reported
weight and height, and children’s BMI was calculated
based on their objectively weight and height. More spe-
cifically, children were measured at schools by a team of
researchers. Height was measured using the Seca 2017
stadiometer for mobile height measurement, and weight
was measured using the Seca 813 digital flat scale. For
the analyses, BMI z-scores were calculated for the chil-
dren to obtain an optimal measure for their weight sta-
tus, relative to their age and sex.
Education level
Education level of the father was questioned to have a
proxy measure of socio-economic status of the family
[39]. This was asked in a 5-point Likert-type scale ques-
tion, ranging from “less than 7 years” to “more than 16
years” of education.
Data analysis
Data of 899 father-child dyads (i.e. combination of a
father/male caregiver with (one) primary school-aged
child) were included in the present study. Inclusion cri-
teria were having complete data on the (outcome) vari-
ables for both the father and the child and the child’s
age between 5 and 13 years old (i.e. primary school age).
In total, 325 cases were excluded for not meeting these
inclusion criteria, see Fig. 1 for a more detailed descrip-
tion. Descriptive statistics were computed to describe
the sample characteristics, using IBM SPSS Statistics for
Windows, version 25.0 [40]. As recommended by Baron
and Kenny [41] the following assumptions must be ful-
filled to establish a mediation effect: i) the predictor and
outcome variable need to be significantly correlated, ii)
mediators need to be significantly correlated with both
the predictor and outcome variable in order to include
them in the model. To check these assumptions, Pearson
correlation analysis was performed using IBM SPSS
Statistics for Windows, version 25.0 [40] between all the
proposed mediators (i.e. PA of the father, PA of the
child, ST of the father and ST of the child), the predictor
(BMI of the father) and the outcome variable (BMI of
the child). Using model 6 (i.e. serial mediation model
with two mediators) of an SPSS macro provided by
Preacher and Hayes (2008) [42], two serial mediation
analyses with two mediators each (M1 and M2; see Fig. 2
for a graphical representation) were performed to inves-
tigate whether the association between BMI of the father
and BMI of the child is mediated by respectively PA of
the father and PA of the child (model 1) and by respect-
ively ST of the father and ST of the child (model 2). A
mediation effect occurs when the (direct) effect of BMI
of the father on BMI of the child is eliminated (complete
mediation) or reduced (partial mediation) when con-
trolled for the mediators (M1 and M2). As represented
in Fig. 2, ten effects can be estimated in each model [1];
the total effect (c-path), representing the effect of BMI
of the father on BMI of the child, [2] the direct effect
(c’-path), representing the direct effect of BMI of the
father on BMI of the child, [3] five ‘intermediate’ effects;
the effect of BMI of the father on M1 (PA or ST of the
father) (a1-path), the effect of BMI of the father on M2
(PA or ST of the child) (a2-path), the effect of M1 (PA
or ST of the father) on M2 (PA or ST of the child) (a3-
path), the effect of M1 (PA or ST of the child) on BMI
of the child (b1-path) and the effect of M2 (PA or ST of
the child) on BMI of the child (b2-path), and [4] three
indirect effects. The total effect (c-path) of BMI of the
father on BMI of the child was quantified as the sum of
the direct effect (c’-path) and the indirect effects. Three
indirect effects of BMI of the father on BMI of the child
could be estimated; one through M1 (path a1xb1), one
through M2 (path a2xb2), and one through both M1
and M2 (path M1&M2, quantified as the subtraction of
the direct effect (c’) and indirect effects via (only) M1
and (only) M2 from the total effect (c) (i.e. c-
[c’ + (a1xb1) + (a2xb2)]). To test the mediation effect,
5000 bootstrapped resamples and a 95% confidence
interval (CI) were applied to construct the indirect paths.
Bias-corrected CI that did not include 0 were considered
significant. As an effect size, the completely standardized
Fig. 1 Flow diagram of participants throughout the study
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indirect effect size (effect sizecz) was calculated, indicat-
ing that the outcome variable (BMI of the child) is ex-
pected to decrease by the magnitude of effect size
standard deviations for every standard deviation increase
in the predictor (BMI of the father) indirectly through
the mediators M1 and M2. An effect sizecz of 0.01 was
considered as small, 0.09 as moderate and 0.25 as strong
[43]. Fathers’ and children’s age, children’s sex and BMI
of the mother were included as covariates in the medi-
ation model to control for their potential confounding
effect.
Results
Descriptives statistics
In total, data of 899 father-child dyads were analyzed
(mean age fathers/male caregivers: 43.79 ± 5.92 years,
mean age primary school aged children: 8.19 ± 0.99
years; 50.90% boys). The flow diagram of participants
throughout the study can be found in Fig. 1. Descrip-
tive statistics of the sample and variables can be
found in Table 1.
Correlation analysis
The bivariate correlation analysis showed a significant
correlation between the predictor (BMI of the father)
and outcome variable (BMI of the child), which was re-
quired for testing a mediational effect. Furthermore, all
the mediators (i.e. PA of the father, PA of the child, ST
of the father and ST of the child) were significantly
correlated with both the predictor (BMI of the father)
and outcome variable (BMI of the child), and could
therefore be included in the mediation models. Last, all
proposed covariates were significantly correlated with
(one of) the outcome variables, justifying its inclusion in
the mediation models. The bivariate correlation analysis
results can be found in Table 2.
Mediation analysis
Fig. 3 (PA, model 1) and Fig. 4 (ST, model 2) show the
association between BMI of the father and BMI of the
child, with each pathway in the multiple mediation
model. For a detailed description of the results, see
Table 3.
Total effect and direct effect
The mediation analysis showed a significant total effect
(c-path) of BMI of the father on BMI of the child in both
models (model 1 (PA), coefficient: 0.071, SE: 0.009, p <
0.001; model 2 (ST), coefficient: 0.069, SE: 0.009, p <
0.001), indicating that a higher BMI of the father was as-
sociated with a higher BMI of the child. Moreover, this
effect reduced but remained significant after controlling
for the mediators (M1 and M2) in both models (c’, dir-
ect effect; model 1 (PA), coefficient: 0.070, SE: 0.009, p <
0.001; model 2 (ST), coefficient: 0.068, SE: 0.009, p <
0.001), which indicates a partial mediation effect of the
mediator(s) on the association between BMI of the
father and BMI of the child.
Fig. 2 The serial mediation models. Each model with two mediators (M1 and M2) in each model; PA of the father and PA the child in model 1,
and ST of the father and ST of the child in model 2. Path a1 represents the effect of BMI of the father on M1, path a2 represents the effect of BMI
of the father on M2, path a3 represents the effect of M1 on M2. Path b1 and path b2 represent the effect of respectively M1 and M2 on BMI of
the child. Path c represents the total effect of BMI of the father on BMI of the child, and path c’ is the direct effect of BMI of the father on BMI of
the child
Table 1 Descriptive statistics
N = 899 fathers and children Fathers Children
Age (in years) 43.79 (5.92) 8.19 (0.99)
Sex (% male) 100% 50.90%
Education level (% high educationa) 66.9% N/A
BMI (in kg/m2)
BMI z-scores (children)
27.08 (3.95) 16.98 (2.73)
0.44 (1.07)
PA (days per week reaching the PA
guideline)
4.39 (2.23) 5.29 (1.63)
ST (minutes screen time activities
per day)
134.47
(85.36)
112.59
(69.97)
Note. This table provides mean (SD) for the continuous variables and
frequency (%) for the categorical variables a13–14 years of education or more
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Intermediate effects
The effects of BMI of the father on M1 (PA/ST of the
father) were both significant (a1-path; model 1 (PA); co-
efficient: -0.059, SE: 0.019, p = 0.002; model 2 (ST); coef-
ficient: 2.238, SE:0.725, p = 0.002), indicating that a
higher BMI of the father was associated with less PA
and more ST of the father. Also the effects of M1 (PA/
ST of the father) on M2 (PA/ST of the child) were both
significant (a3-path; model 1 (PA); coefficient: 0.281, SE:
0.023, p < 0.001; model 2 (ST); coefficient: 0.345, SE:
0.025, p < 0.001), indicating that more PA and ST of the
father was associated with more PA and less ST of the
child, respectively. Furthermore, only in model 1 (PA),
the effect of M1 (PA of the child) on BMI of the child
was found significant (b2-path; coefficient: -0.050, SE:
0.022, p = 0.026), indicating that more PA of the child
was related to a lower BMI of the child. All other effects
in both models were found non-significant (i.e. model 1
(PA); a2-path, coefficient: 0.001, SE: 0.013, p = 0.967; b1-
path, coefficient: 0.027, SE: 0.017, p = 0.107; model 2
(ST); a2-path, coefficient: 0.463, SE: 0.542, p = 0.393; b1-
path, coefficient: 0.000, SE: 0.001, p = 0.922; b2-path, co-
efficient: 0.001, SE: 0.001, p = 0.103).
Indirect (mediational) effects
Only in model 1 (PA) a significant indirect (mediational)
effect was found, i.e. the mediational effect of BMI of the
father on BMI of the child via both M1 (PA of the
father) and M2 (PA of the child) (M1&M2-path; coeffi-
cient: 0.001, 95% CI: [0.001, 0.002]). In both model 1
(PA) and model 2 (ST), all other indirect effects were
found non-significant (model 1 (PA); a1xb1-path, coeffi-
cient: 0.000, 95% CI: [− 0.004, 0.003], a2xb2-path, coeffi-
cient: 0.000, 95% CI: [− 0.002, 0.002]; model 2 (ST);
a1xb1-path, coefficient: 0.000, 95% CI: [− 0.002, 0.002],
a2xb2-path, coefficient: 0.000, 95% CI: [− 0.001, 0.002],
M1&M2-path, coefficient: 0.002, 95% CI: [0.000, 0.002]).
As the direct effect (c’-path) of BMI of the father on
BMI of the child was not reduced to zero in model 1
(PA) (i.e. the model with the significant mediational ef-
fect) (coefficient: 0.070, SE: 0.009, p < 0.001), this was
Table 2 Bivariate correlations among fathers’ and children’s PA, ST and BMI
PA father PA child ST father ST child BMI father BMI child
PA child 0.386c
ST father −0.004 − 0.008
ST child 0.049 −0.035 0.421c
BMI father −0.116c −0.048 − 0.084b 0.070a
BMI child −0.013 −0.075a 0.030 0.074a 0.285c
Mother BMI −0.049 −0.033 − 0.101b 0.028 0.157c 0.220c
Father age −0.105b −0.038 − 0.032 0.024 0.054 −0.009
Child age 0.100b 0.035 0.046 0.131c −0.015 −0.042
Child sex −0.031 −0.079a 0.005 −0.023 0.038 0.035
Note. acorrelation is significant at the 0.05 level, bcorrelation is significant at the 0.01 level, ccorrelation is significant at the 0.001 level
Fig. 3 Model 1 of the serial mediation analysis. The association between BMI of the father and BMI of the child through respectively PA of the
father (M1) and PA of the child (M2), with each pathway in the serial mediation model. Each arrow with a solid line represents a significant path
between variables, an arrow with a dashed line represents a non-significant path. The estimated coefficients are unstandardized. Note. *p-value is
significant at the 0.05 level, **p-value is significant at the 0.01 level, ***p-value is significant at the 0.001 level, NSnon-significant p-value
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only a partial mediation effect and effect sizes were only
small (effect sizescz < 0.01).
Discussion
The aim of the present study was to determine whether
the association between fathers’ weight status and their
children’s weight status is mediated by fathers’ and chil-
dren’s movement behaviours (i.e. physical activity (PA)
and screen time (ST)), in six European countries. With
this, we aimed to gain more insight into the specific and
unique influence that fathers have on their children’s
weight status, and the specific pathways through which
this influence occurs. In line with our hypothesis, the
present study found that the association between weight
status of the father and weight status of the child (par-
tially) occurred through both the father’s and the child’s
PA levels. This might, as suggested in previous research,
imply that fathers play a unique and important role in
establishing and maintaining positive PA habits in their
children, thereby affecting their weight status [44, 45].
The significant association found between fathers’ PA
and their children’s PA in the mediation analysis is con-
sistent with previous research [22, 33]. Studies have in-
deed shown that fathers typically engage in more
vigorous, active, risky and stimulating play with their
children than mothers [46, 47], and are better role
models for fundamental movement skills (e.g. catching,
throwing) due to their increased opportunity and en-
couragement to learn and practice these skills through-
out life [47, 48]. Furthermore, if confirmed in a
longitudinal design or an intervention study, the results
of the present study might indicate that the established
association between fathers’ and children’s weight status
is not entirely determined by non-modifiable factors (e.g.
genes). This could have important implications for fu-
ture lifestyle interventions, as they suggest that interven-
ing by focusing on lifestyle behaviours (i.e. PA) of fathers
can be a good and important strategy to influence the
lifestyle behaviours and weight status of children,
thereby preventing childhood obesity [49]. As such, a
first approach could be to focus on the fathers’ PA in
order to improve the child’s PA and consequently the
child’s weight status. A systematic review summarizing
the effectiveness of PA interventions for adult males
showed that most of these interventions had positive ef-
fects on their PA outcomes [50]. However, none of these
studies were designed to influence children’s PA through
fathers’ PA or measured the impact of change in fathers’
PA on children’s PA or weight status, making it difficult
to draw conclusions on the effectiveness of this ap-
proach on health and health-related outcomes of chil-
dren. Another possible approach might be to focus on
both members of the father-child dyad. A novel way to
do so, might be through “co-PA” (i.e. engaging fathers
and children together in PA). Although the mechanisms
of co-PA are still unclear, some recent studies already
provided a good indication that engaging fathers and
children in co-PA can indeed lead to positive outcomes
related to behaviour and health [51, 52]. More specific-
ally, two programs have recently been developed specif-
ically targeting fathers and children, aiming to help
overweight fathers lose weight and establish positive
health behaviors for their children [51, 52]. The results
of these intervention studies showed that engaging fa-
thers and children in co-PA increased (total) PA in both
fathers and children, and positively influenced their
weight. Furthermore, father-child co-PA also improved
the father-child relationship and the social-emotional
well-being of the child, which has also been mentioned
in other research as a consequence of co-PA [46, 48, 53].
Taken together, co-PA appears as a potentially promis-
ing approach, that might act on both the direct and in-
direct effects between father and child BMI. Further
research on co-PA is however needed to better under-
stand its mechanism, and to determine whether focusing
on co-PA is of added value and thus more effective than
Fig. 4 Model 2 of the serial mediation analyses. The association between BMI of the father and BMI of the child through respectively ST of the
father (M1) and ST of the child (M2), with each pathway in the serial mediation model. Each arrow with a solid line represents a significant path
between variables, an arrow with a dashed line represents a non-significant path. The estimated coefficients are unstandardized. Note. *p-value is
significant at the 0.05 level, **p-value is significant at the 0.01 level, ***p-value is significant at the 0.001 level, NSnon-significant p-value
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focusing separately on PA of the father and PA of the
child. Moreover, a longitudinal design or an intervention
study is warranted to confirm the findings discussed
above, before definite conclusions and intervention rec-
ommendations can be made. As such, we are currently
developing the “Run Daddy Run” intervention specific-
ally targeting fathers and their children in order to im-
prove their co-PA and limit their screen time.
In contrast to PA, the present study did not find a sig-
nificant mediation effect of ST of the father and ST of
the child on the association between BMI of the father
and BMI of the child. Although we did found a signifi-
cant positive association between fathers’ ST and their
children’s ST -which is interesting as previous research
on this association was currently scarce and inconclusive
(33, 54, 55)-, a possible reason for the fact that no medi-
ation effect was found might be that mainly mothers
have an influence on their children’s ST, as previously
suggested in research [54, 55]. Furthermore, another po-
tential reason for the absent mediation effect of ST
could be due to the non-significant association between
ST of the child on BMI of the child. As significant
Table 3 Multiple mediation effects through PA (model 1) and ST (model 2) of the father and the child in the association between
BMI of the father and BMI of the child
Coefficient# (SE) CI upper CI lower
Model 1 (PA)
Intermediate effects
a1-path -0.059 (0.019)** −0.096 − 0.022
a2-path 0.001 (0.013) −0.025 0.026
a3-path 0.281 (0.023)*** 0.236 0.326
b1-path 0.027 (0.017) −0.006 0.059
b2-path −0.50 (0.026)* −0.094 − 0.006
Total and direct effect
c-path (total effect) 0.071 (0.009)*** 0.053 0.086
c’-path (direct effect) 0.070 (0.009)*** 0.053 0.087
Indirect (mediational) effects
a1xb1 path (indirect effect via M1) 0.000 (0.001) −0.004 0.000
a2xb2 path (indirect effect via M2) 0.000 (0.001) −0.002 0.002
M1&M2 path (indirect effect via M1 and M2) 0.001 (0.001)+ 0.001 0.002
Model 2 (ST)
Intermediate effects
a1-path 2.238 (0.725)** 0.816 3.660
a2-path 0.463 (0.542) −0.600 1.526
a3-path 0.345 (0.025)*** 0.296 0.394
b1-path 0.000 (0.001) −0.001 0.001
b2-path 0.001 (0.001)** 0.000 0.002
Total and direct effect
c-path (total effect) 0.069 (0.009)*** 0.053 0.086
c’-path (direct effect) 0.068 (0.009)*** 0.051 0.085
Indirect (mediational) effects
a1xb1 path (indirect effect via M1) 0.000 (0.001) −0.002 0.002
a2xb2 path (indirect effect via M2) 0.000 (0.001) −0.001 0.002
M1&M2 path (indirect effect via M1 and M2) 0.001 (0.001)+ 0.000 0.002
Note. #unstandardized coefficients, SE; standard error, CI; confidence interval, *p-value is significant at the 0.05 level, **p-value is significant at the 0.01 level, ***p-
value is significant at the 0.001 level, +significant indirect effect
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associations between children’s ST and their weight sta-
tus have been established in previous research [56–60],
it might be that the strength of this association is under-
estimated in the present study, causing a non-significant
mediation effect. Similarly, although a significant (par-
tial) mediation effect of PA of the father and PA of the
child on the association between weight status of fathers
and weight status children was found in the present
study, effect sizes were only small. Therefore, the clinical
meaningfulness of the results should be interpreted with
caution. The small effects might be due to the small as-
sociation found between BMI and PA of the father. This
is surprising as previous studies have shown stronger as-
sociations between adults’ weight status and their PA
levels [61–63]. A reason for the weak or non-significant
associations might be that BMI, PA and ST of the father
was self-reported, and children’s PA and ST was based
on parental report. Parental report is a subjective proxy-
measure that may be biased. Using objectively measuring
BMI, PA and SB may overcome this issue, which is
therefore recommended for future research. Further-
more, two of our questions used for calculating the PA
and ST measure (i.e. children’s PA on weekend days and
fathers’ ST on weekday) had a lower reliability. Despite
the fact that the reliability of the other questions meas-
uring PA and ST questions was moderate to excellent,
using existing validated and reliable questionnaires to
measure PA and ST is recommended. Last, small effect
sizes can also be due to residual confounders such as
dietary behaviour, which was not accounted for in the
present study.
Although the cross-sectional design of the study is a
limitation, a strength of the present study is that standard-
ized (paternal) data were included from six European
countries, increasing the generalizability of the results and
providing a large sample of fathers (n = 899). Although fa-
thers represented only 10.1% of the total sample of the
Feel4Diabetes-study (i.e. which is similar to previous re-
search showing that mothers represent the majority of re-
search participants [17]), our sample of fathers was still
large enough to have a meaningful representation of fa-
thers. Descriptive data from this study confirmed that our
sample of fathers was indeed representative for the general
population, with descriptive data (e.g. age, BMI, education
level, etc.) similar to previous prevalence studies [64–66].
The underrepresentation of fathers in the Feel4Diabetes-
study may be due to the fact that no recruitment strategies
were used that explicitly targeted fathers. This may have
caused a selection bias towards fathers who are generally
more involved in child care and motivated for health and
healthy lifestyle behaviours. Future research can target this
issue by including recruitment strategies in which fathers
are explicitly invited to participate (i.e. fathers often as-
sume that the term “parent” is interchangeable with
“mother” [16]), by targeting father-focused recruitment
venues (e.g. work settings) and by clearly communicating
the salient benefits and motivators for fathers (e.g. enhan-
cing father-child relationship, spending quality time with
their children) [16, 67].
Conclusions
The present study showed that the association between
fathers’ and children’s weight status is (partially) medi-
ated by fathers’ and children’s PA (but not their ST).
This helps us gaining more insight into the specific path-
way through which fathers’ weight status influences their
children’s weight status, and might imply that this asso-
ciation is not entirely determined by non-modifiable fac-
tors (e.g. genes). If confirmed in a longitudinal design or
in an intervention study (e.g. the Run Daddy Run inter-
vention), these findings might also have implications for
future lifestyle interventions, as they indicate that inter-
vening by focusing on fathers’ and children’s PA (i.e.
preferably through engaging them together in PA) can
be an important and novel strategy to influence weight
status of children, thereby preventing childhood obesity.
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